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Starting Point:
Conclusions After the First Three RHIC Runs

 Hadrons are suppressed,
direct photons are not

 No suppression in d+Au

 Evidence for parton energy loss

 Static medium
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Is Parton Energy Loss Really the
Correct Explanation ?

Parton Energy Loss

Centrality and pT Dependence of
High-pT Hadron Suppression
(→ extend pT range)

Determine more 
quantitative constraints
on medium properties

Dependence on 
hadron species

Dependence on √sNN

Test as many assumptions/predictions of parton energy loss models as possible

TAB scaling of hard 
scattering in A+A   
(→ direct γ)

Dependence on
heavy ion species
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The Basis for Parton Energy-Loss Models:
Measured π0 Spectra in p+p Agree with pQCD

Agreement with pQCD is a prerequisite for jet quenching models
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pT- and Centrality Dependence (I):
π0 Spectra in Au+Au at √sNN = 200 GeV (Run 4)

 π0 RAA now measured up to pT = 20 GeV/c (central Au+Au)

 Constant RAA ≈ 0.2 in central Au+Au up to highest pT (5 < pT < 20 GeV/c)

PHENIX, arXiv:0801.4020 [nucl-ex]
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pT- and Centrality Dependence (II):
π0 Spectra in Cu+Cu at √sNN = 200 GeV

π0 RAA ≈ 0.6 – 0.7 in central Cu+Cu collisions at 200 GeV

π0

Cu+Cu, 200 GeV, 60-94% 

Cu+Cu, 200 GeV, 0-10% 

PH
EN

IX
, a

rX
iv

:0
80

1.
45

55
 [n

uc
l-e

x]



7                                                                                                     Klaus Reygers, QM 2008

pT- and Centrality Dependence (III):
Npart Dependence of π0 RAA in Au+Au at √sNN = 200 GeV
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Parton energy loss models suggest:

Fit Npart dependence of RAA with:

Centrality Dependence of RAA consistent with parton energy loss

Relation to RAA:

PHENIX, arXiv:0801.4020 [nucl-ex]
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pT- and Centrality Dependence (IV):
Npart Dependence of π0 RAA in Au+Au and Cu+Cu

 Npart scaling of RAA expected at the same √sNN

 Indeed observed: RAA in Au+Au and Cu+Cu similar at same Npart

π0
200 GeV

NN
s =
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Test of TAB Scaling in A+A (I):
Direct Photons at High pT

 Au+Au: Direct γ RAA < 1 at pT ≈ 18 GeV/c ?
 Isospin effect? EMC effect? Suppression of fragmentation photons?

Check other system: Cu+Cu!

 Cu+Cu: Direct γ RAA  flat up to pT ≈ 17 GeV/c

 Direct photon RAA in Cu+Cu supports simple TAB scaling
of hard scattering up to highest pT

0-10% Au+Au at 200 GeV 0-10% Cu+Cu at 200 GeV
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Test of TAB Scaling in A+A (II):
Centrality Dependence of π0’s and Direct γ’s

TAB scaling of high-pT direct photons (pT > 5 GeV/c) 
holds for all centralities

Direct photonsNeutral pions
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Dependence on Particle Species:
π0, η, φ, J/ψ, ω Mesons and Direct γ in Au+Au at 200 GeV

 Same suppression pattern for π0 and η:
Consistent with parton energy loss and fragmentation
in the vacuum

 RAA for φ‘s larger than π0 RAA for 2 < pT < 5 GeV/c

See talk by
Y. Nakamiya
on vector mesons
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√sNN Dependence (I):
π0 RAA in Au+Au at 62 GeV

 Central Au+Au:
Similar RAA at 62.4 and 200 GeV (for pT > 6 GeV/c)

 Possible reason: Smaller parton dE/dx in conjunction with
steeper parton pT spectrum at 62 GeV
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√sNN Dependence (II):
 π0 Spectra in Cu+Cu at 22.4, 62.4, and 200 GeV

 p+p reference measured at 62.4 GeV and 200 GeV by PHENIX
 p+p reference at 22.4 GeV

 World data for 21.7 < √sNN < 23.8 GeV rescaled to 22.4 GeV
 Fit describes data within  25%

 Scaling in xT = 2 pT/√s: Pion production dominated by hard scattering
for pT > 2 GeV/c at all three energies

PHENIX, arXiv:0801.4555 [nucl-ex]
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√sNN Dependence (III):
 pT Dependence of π0 RAA in Cu+Cu

 62.4, 200 GeV:
 Suppression consistent

with parton energy loss
for pT > 3 GeV/c

 22.4 GeV:
 No suppression
 Enhancement consistent

with calculation that
describes Cronin
enhancement in p+A

 Parton energy loss starts to
prevail over Cronin
enhancement between
22.4 and 62.4 GeV

PHENIX, arXiv:0801.4555 [nucl-ex]
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√sNN Dependence (IV):
 Centrality Dependence of π0 〈RAA〉 in Cu+Cu

 62.4, 200 GeV:
 Npart Dependence of RAA

consistent with parton
energy loss

 22.4 GeV
 Enhancement independent

of centrality
 Possible explanations

 Weak centrality
dependence of Cronin
enhancement

 Cronin enhancement
offset by parton
energy lossPHENIX, arXiv:0801.4555 [nucl-ex]
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Sloss: A Rough Measure of the Fractional
Parton Loss ΔE/E

 RAA depends on energy loss and
steepness of parton spectrum

 Thus, define “fractional energy loss”:

 Relation to RAA for a pion spectrum
described by power law with power n
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 RAA ≈ 0.5 – 0.6 in Pb+Pb at 17.3 GeV
(0-1%, p+C reference, WA98)

 However, Sloss at 17.3 GeV is much
smaller than at RHIC

 Au+Au, 200 GeV: Sloss = 0.2

 Pb+Pb, 17.3 GeV: Sloss = 0.05PHENIX preliminary

PHENIX preliminary
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Quantitative Constraints on Medium
Parameters

 Fit of model parameters to data requires
correct treatment of exp. uncertainties

 Type A: point-by-point uncorrelated

 Type B: Correlated (in pT)

 Type C: Normalization (constant factor
for all points)

 Least square fit for this case
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Results (1σ range): Caveat: theoretical uncertainties not included 

Gyulassy, Levai, Vitev

Zhang, Owens, Wang, Wang Takes type B and C uncertainties
correctly into account

see Poster 
by James Nagle
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Conclusions

Parton Energy Loss

Centrality and pT Dependence of
High-pT Hadron Suppression

Constraints on 
medium properties

Dependence on 
hadron species

Dependence on √sNN

TAB scaling of hard 
scattering in A+A   
(→ direct γ)

→ Consistent with 
     parton energy loss

→ Confirmed

→ Consistent with 
     parton energy loss

→ Parton energy loss starts to prevail 
over Cronin enhancement between
22.4 and 62.4 GeV (Cu+Cu)

ˆ, d / d
g

q N y→         
constrained within
± 20-25% at the 1σ level

Dependence on
heavy ion species
→ RAA depends only

on Npart for same √sNN
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Extra Slides
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Dependence on Particle Species:
π0, η, φ Mesons and Direct γ in Au+Au at 200 GeV

 η/π0 ratio independent of centrality

 Same suppression pattern for π0 and η:
Consistent with parton energy loss and fragmentation
in the vacuum

Poster 
Baldo Sahlmüller
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Path Length Dependence:
RAA as Function of Angle w.r.t. the Reaction Plane

In Plane

Out of
Plane

Density time path length averaged over 
jet productions points in transverse (x,y) plane

 Approximate scaling in 〈ρ⋅Lxy〉
expected for parton energy loss

 Experimental evidence weak

 Path length dependence of
parton energy loss remains an
open question

Neutral pions 
200 GeV

NN
s =

PHENIX, PRC 76, 034904


